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Abstract 
In the area underlain by the Basal Aquifer in the Prairie region of Canada, there are 20 large CO2 sources (coal-fired power plants, 
oil sands and heavy oil production and upgraders, refineries, chemical and petrochemical plants, fertilizer plants and cement plants) 
that emit more than 1 Mt CO2/year each, for a total of 83 Mt CO2
emissions. If post-combustion capture technologies are used, 75 Gt CO2/year can be captured from these sources, with a 
composition (% mass) estimated to be 99.95% CO2, 0.02% N2/Ar/O2, and 0.03% H2O. The Basal Aquifer comprises Middle 
Cambrian sandstones that overlie the crystalline Precambrian basement in the Alberta basin and the Canadian part of the Williston 
basin. Shales constitute the primary caprock of the Basal Aquifer. Pressures in the aquifer generally follow a gradient of 10.8 kPa/m. 
Temperatures in the aquifer vary between >150ºC in the deepest part of the Alberta Basin to less than 10ºC in outcrop areas. Water 
salinity ranges from > 300,000 mg/L in central Alberta to < 10,000 mg/L in the southwest and in the east. The formation water in 
the aquifer region suitable for CO2 storage is NaCl dominated. Generally, at in-situ conditions, these waters are saturated with 
CaSO4 (anhydrite), with some at NaCl (halite) saturation. The mineralogy of the aquifer rocks and caprock were determined using a 
suite of laboratory analyses and normative calculations on core samples. The dominant mineral in the Basal Aquifer formation in 
regions suitable for CO2 storage is quartz, which is generally present in the 65% to 95% range, while potassium feldspar is the next 
most common silicate. Pyrite is present in trace amounts in many of the samples. Calcite and illite, when present, are primarily pore-
filling minerals. Calcium sulphate (anhydrite) is present in many of the samples, and, when present, is a pore-filling phase. In regard 
to the caprock, quartz is still a predominant mineral phase, comprising of at least one third of the rock for all samples. Potassium 
feldspar, illite and kaolinite are the next most common minerals. The ability of the rocks of the Basal Aquifer to react with CO2 is 
limited, with potassium feldspar and complex clays providing the bulk the reactive capacity via the formation of kaolinite, or 
potentially a coupled reaction forming alunite and calcite in anhydrite-bearing zones. The effect of these reactions on CO2 storage 
capacity, aquifer porosity and permeability is limited, allowing decoupling of flow from geochemical processes. Caprock reactivity 
towards CO2 is much greater due to its more complex mineralogy, however they will not propagate far into the caprock due to its 
low permeability, thus allowing decoupling of flow and geochemical processes.  
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1. Introduction 
of CO2 equivalent, of which 219 Mt CO2 eq., with a composition of 93.7% CO2, originate from large 
stationary sources [1]. Most emissions from large stationary sources originate in the Prairie region of 
Canada (48.9 % in Alberta and 9% in Saskatchewan), where >80% of electricity is generated in coal- and 
gas-fired power plants and where most of the oil and gas in the country is produced and processed. An 
aquifer, herein referred to as the Basal Aquifer, overlies the crystalline Precambrian basement in the 
southern half of Alberta and Saskatchewan and southwestern corner of Manitoba, covering an area of 
811,345 km2. The CO2 sources with individual emissions greater than 1 Mt CO2/year in the Prairie region 
underlain by the Basal Aquifer (~ 83 Mt CO2/year) account for ~40
sources, which is annual CO2 emissions. These sources are distributed at 16 
locations (Fig. 1). The volume and composition of the CO2 stream that can be captured using a post-
combustion amine-based process were estimated at each location (Table 1 in Appendix A). At locations 
with multiple sources, the composition of the CO2 stream was weight-averaged. Close to 90% of the CO2 
from these sources can be captured. The water content is estimated to be 0.03%, and at most sources the 
concentration of non-condensable gases (N2, Ar and O2) is 0.01%. Condensable gases (SOx, NOx and H2S) 
are present at three locations where the emissions are from refineries and petrochemical plants and where 
the captured CO2 stream will contain these at slightly less than 10 ppm (Table 1 in Appendix A). 
Fig. 1. Locations in the area of the Basal Aquifer in western Canada where cumulative emissions from large stationary sources are 
greater than 1 Mt CO2/year. The size of the symbol is proportional with the size of CO2 emissions (see Table 1 in Appendix A). 
A 3-year bi-national effort between the United States and Canada is under way to characterize the 
Basal Aquifer in the northern Great Plains - Prairie region of North America and determine its CO2 
storage capacity [2] and the effects of storing CO2 captured at large sources in the region underlain by this 
aquifer. This paper presents the results of studying the geochemical effects of CO2 storage on the 
Canadian side of the Basal Aquifer. 
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2. Aquifer Mineralogy and Water Composition 
In Canada, the Basal Aquifer is comprised of Middle Cambrian to Silurian sandstones and carbonates 
that overlie the crystalline Precambrian basement, and crops out in discharge areas in Manitoba (Fig. 1). 
The aquifer is overlain mostly by shales. Pressures in the aquifer follow a hydraulic gradient of 10.8 
kPa/m. Temperatures in the aquifer vary between >150ºC in the deepest part of the aquifer to less than 
10ºC in the outcrop area [2]. Water salinity ranges from >300,000 mg/L in central Alberta and in 
southeastern Saskatchewan, to <10,000 mg/L in the discharge area. Porosity varies from less than 1% in 
very deep regions to more than 25% in shallower regions. Using the criteria of: a) storing CO2 at depths > 
1000 m as legislated in Alberta [3], b) protecting groundwater resources with salinity <10,000 mg/L [2], 
and c) requiring >4% porosity [4], the area of the Basal Aquifer in Canada suitable for CO2 storage was 
found to be 459,200 km2, with a storage capacity of 86 Gt CO2 at P50 confidence [2].  
In the area suitable for CO2 storage, the Basal Aquifer and its caprock consist of sandstones and shales, 
respectively. Samples for mineralogical analysis of Basal Aquifer rocks and caprock were selected from 
core taken in the region of the Basal Aquifer suitable for CO2 storage, and high-quality water samples 
collected by industry and recorded with the provincial regulatory agencies were selected for determining 
the composition of formation water (for sample locations see Fig. 2). 
 
Fig. 2. Locations in the area of the Basal Aquifer in western Canada suitable for CO2 storage where core samples were collected for 
mineralogical analysis and where water samples collected by industry were used for determining the composition of formation water 
(see Tables 2, 3 and 4 in Appendix A). 
The core samples were analyzed using X-ray diffraction (XRD), SEM photomicrography and X-ray 
dispersive elemental analysis, and X-ray fluorescence spectroscopy (XRF). The program LPNORM [5] 
was used to obtain detailed composition fractions, or mineral norms, necessary for geochemical modeling. 
Furthermore, the aquifer minerals were constrained by requiring that they are at, or close to, equilibrium 
with aquifer formation water at in-situ conditions of temperature and pressure. Table 2 in Appendix A 
reports the calculated mineralogy of the analyzed aquifer rock samples, showing that quartz dominates 
(generally >80%), with K-feldspar, illite and dolomite contributing significantly to the makeup of some 
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samples. Commonly occurring in trace amounts are pyrite, halite and minerals generically classified as 
carbonates, oxides and other clays. Halite, anatase, dolomite, pyrite and hematite are identified by XRD in 
some samples; however, the amounts of these minerals are near the lower detections limit of this 
technique. The carbonates are required as a mineral host for analyzed inorganic CO2; these incorporate 
excess CaO, MgO and/or Fe2O3. The oxides incorporate all of the analyzed TiO2 and residual Fe2O3. 
Halite, while noted in several XRD, is likely a precipitate resulting from the evaporation of pore water 
recovered with the core. However, based on the salinity of recovered formation waters, it is likely absent 
throughout most of the aquifer. Analyzed P2O5. is assigned either to apatite (a calcium phosphate) or 
vivianite (an iron phosphate), both of which are treated as inert phases and so are not reported here. In 
regard to CO2 storage, the titanium and phosphorous-bearing minerals are not expected to interact 
significantly. However, significant differences arise between the expected behaviour of aquifers 
containing iron-bearing silicates and those in which iron is present in other mineral forms. Similar mineral 
assemblages exist in the caprock; quartz, K-feldspar and clay minerals predominate (Table 3 in Appendix 
A), although, again, trace amounts of pyrite, anatase, calcite, and halite are present in many of the 
samples. The lower proportions of quartz and higher proportions of clays and feldspars in the caprock 
suggest that they have a greater reactivity to CO2-saturated formation water than do the rocks of the Basal 
Aquifer itself. 
Analyses of waters recovered from the Basal Aquifer at several locations close to potential CO2 
injection sites are reported in Table 4 in Appendix A (see Fig. 2 for locations). These water analyses are 
incomplete; reported values are restricted to Ca, Mg, Na, Cl, SO4, alkalinity and pH. The reported Na 
values are commonly estimated by charge balance requirements rather than from an independent 
analytical determination, and as such the Na values likely include contributions from other ions, with K 
being of major importance. All of the waters are dominated by Na and Cl; only two water samples have 
more than 10% of the cationic charge (expressed as meq/L) associated with Ca and Mg, and only one 
sample has a combined SO4 and HCO3 content at more than 5% of the total anions. These waters are very 
saline and well outside the recommended range of the Debye-Hückel treatment of aqueous activities. 
The water compositions presented in Table 4 in Appendix A were used with the geochemical modeling 
program PHREEQC [6] in order to calculate the saturation indices (SI) at surface conditions. The minerals 
were restricted to those in the system, Na, Ca, Mg, Cl, C and SO4. All the samples are supersaturated or in 
equilibrium with respect to calcite. PHREEQC was also used to determine the water composition 
at in-situ conditions. Most samples are nearly or at equilibrium with respect to anhydrite, and 
oversaturated with respect to calcite. Two samples, both from near Edmonton, are close to being in 
equilibrium with halite, which can be expected given the proximity of Devonian salt deposits. The 
concentration of components not reported in the fluid analyses were estimated based on assumptions of 
equilibrium with common mineral phases. The K, Si, and Al concentrations were derived by dissolving 
kaolinite, quartz and KCl into the formation water up to the point where the water is in equilibrium with 
the phases kaolinite, quartz and potassium feldspar. As well, the calcite supersaturation evident at surface 
conditions is assumed to arise because CO2 is lost through degassing during water sampling and sample 
storage. Carbon dioxide was titrated back into the solution to bring the solution into equilibrium with 
calcite at downhole conditions. Following these modification, the calculated saturation indices (as 
calculated using a reaction based on a single SiO2 unit) of other silicate minerals in the rock tend to be 
relatively small, generally within about +/- 0.1. The supplemental water compositions that satisfy the 
equilibrium relations described above are listed in Table 5 in Appendix A. Most of the waters are 
essentially in equilibrium with clay minerals, generally a sodium montmorillonite, following the 
compositional modifications. Similarly, several samples are very nearly in equilibrium, but not 
oversaturated, with albite, a sodium feldspar. 
5574   Stephen Talman et al. /  Energy Procedia  37 ( 2013 )  5570 – 5579 
3. Geochemical Modeling of Reactions between Injected CO2 and the Basal Aquifer 
The approach used here for modelling CO2 interactions with the rocks of the Basal Aquifer is based 
strictly on equilibrium calculations that are fundamental to modelling all geochemical processes. Note 
that the kinetic data required for more complex simulations involving  reaction kinetics and/or reactive 
transport [7], are not established for very saline waters like the ones present in the Basal Aquifer.  
The geochemical model PHREEQC [6] was used in this work because it has a well-developed 
structure for the treatment of the thermodynamics properties of very saline brines, but the associated 
database is limited. An extensive, thermodynamic database, data0.ypf.r2, which was developed as part of 
the Yucca Mountain Project [8] was selected for this study as to be best suited for studying the interaction 
between the CO2, rock and the concentrated waters of the Basal Aquifer. This database was initially 
developed for use with the program EQ3/6 and a modified, although largely unverified, PHREEQC-
compatible version of this database [9] was used in the calculations reported here.  
In-situ aqueous compositions were estimated based on analyses of recovered waters (Table 4 in 
Appendix A) with missing components added as noted in the previous section (Table 5 in Appendix A). 
These waters were brought into equilibrium with an assigned mass of minerals present in the aquifer, and 
a free CO2 phase using PHREEQC [6]. The mass (in moles as required by PHREEQC) of each reactive 
mineral phase, relative to a one kilogram of water is approximated by  
moles mineral / kg water = (1- )/ w   wi / (100 Mi), 
where wi is the mineral weight percentage (see Table 2 in Appendix A), and Mi,  and w are the molar 
mass of the specific mineral, rock density, porosity and water-filled porosity respectively. The water-
filled porosity was estimated from porosity maps which were developed over the entire aquifer and 
reduced, if necessary, by an estimate of the dense-CO2 phase saturation.  
Carbon dioxide is treated as an equilibrium phase as suggested in [6], with the equilibrium limited by 
the calculated fugacity of CO2 at in situ conditions of initial temperatures and pressures; the pressure 
build-up due to CO2 injection is neglected from these calculations (this results in a minor underestimation 
of CO2 reactivity). Fugacities were calculated using AQUAtrial, a variant of the AQUAlibrium program 
used for acid gas phases equilibria [10]. The mass of CO2 available for reaction was estimated for 
different scenarios representing the expected variations in the relative saturations of the mobile phases. 
During the active CO2 injection phase, the pore space will be filled with CO2, with water saturations 
reduced to residual values. Results for this CO2/water distribution are not presented here because of space 
limitations. Following the cessation of injection, formation water (which is treated here as having the 
same composition as the original brine, i.e. not yet involved in CO2 reactions) will displace the free CO2 
phase back to residual gas saturations. No irreducible saturations were measured on the specific cores 
analyzed for mineralogy, however, irreducible CO2 saturations ranging between 0.23 and 0.51 (mean of 
0.33) were obtained from seven Basal Aquifer samples [11]. In the modeling presented here a constant 
value of Sirr,CO2 of 0.3 was used.  
The PHREEQC calculations determine the change of mass of each mineral phase required to bring the 
water into equilibrium with the dense CO2 phase. Some mineral phases may completely disappear, while 
other phases, not initially present in the rock, may precipitate. When potential secondary phases are 
identified, they may be added as equilibrium phases and the PHREEQC simulation is run again. Typical 
results are given in Fig. 3, which shows the mineralogical changes associated with the addition of CO2 to 
the Basal Aquifer system at the Estevan site. Three scenarios were modelled. The results shown with blue 
bars represent a case where the pore space is entirely water filled, yet there is an excess of CO2 available. 
This unrealistic case yields the maximum possible CO2 trapping. The second case (brown bars) shows 
results from simulations where 30% of the pore space is filled with a dense CO2 phase; this reduces the 
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amount of water in the volume of rock considered and so decreases the potential for  reactions to occur. 
The third case (green bars) is essentially the same as the second case, although with a minor amount of 
H2SO4 added to simulate the effect a small amount of SO2 present in the CO2 stream (0.67 wgt%, a 
typical concentration for CO2 streams with SO2 co-capture from coal-fired power plants). In each case the 
clay mineral, Mg-beidellite, is entirely consumed by reaction with the injected acidic gas; however, the 
amount of the other major silicate reactant, K-feldspar, which degrades, depends on the mass of water 
available. Kaolinite and quartz are the major reaction products, although a minor increase in the carbonate 
minerals, particularly dolomite, is also expected. Calcite, while a reaction product in the first two cases, is 
consumed when H2SO4 is included as a reactant. As expected, the CO2 uptake via reaction was greatest 
for the first case (2 kg CO2/m3 rock), this amount was reduced by about half in the third case. This result 
demonstrates the impact of adding a strong acid component into an  injected CO2 stream.    
Figure 3: Calculated changes (%) in the total amount of various mineral phases following equilibration with CO2 and H2SO4 for 
two different amounts of injected gas and water as a result of CO2 injection into the Basal Aquifer at the Estevan site. The blue bars 
represent the simulation results for the hypothetical but unrealistic case in which a maximum amount of pure CO2 is fixed. 
The mineral phases dawsonite, alunite and siderite were determined to be thermodynamically stable in 
many of the evolved waters. Dawsonite and siderite are commonly considered reaction products in 
simulations of CO2 sequestration; alunite, KAl3(SO4)2(OH)6, is a less-commonly noted reaction product. 
Its formation from a K-mica (representing a clay mineral) and anhydrite can be written as:  
KAl3Si3O10(OH)2 + 2 CaSO4 + 2CO2(g) +  2 H2   KAl3(SO4)2(OH)6 + 2 CaCO3 + 3SiO2. 
This reaction is driven by the activity of the CO2 phase and results in the formation calcium carbonate. 
Inclusion of alunite as a secondary phase lead to a several-fold increase in the mineralogical trapping of 
CO2 at some sites. However, the reaction only proceeds at relatively high CO2 fugacity (several MPa) and 
the reaction may reverse itself, generating CO2, if the CO2 fugacity decreases below this value.  
 
Table 1 below summarizes results of the simulations described in the preceding section for the cases 
based on the water/CO2 distributions expected at residual CO2 saturation.  
Table 1: The mass of CO2 reacted with water and minerals (fixed CO2) at four representative  sites in the area of the the Basal 
Aquifer suitable for CO2 storage, compared to the mass of CO2 that would be stored at irreducible gas saturation as free CO2. 
Site Free CO2 
g/kg rock 
Fixed CO2 
g/kg rock 
% CO2 Minerally 
Trapped 
% CO2 Ionically 
Trapped 
% CO2 in 
Solution 
Estevan 3.8 0.95 62 2 36 
Cold Lake 13.3 4.40* 63 6 30 
Joffre 7.34 4.13 88 2 10 
Medicine Hat 7.33 5.13 79 1 20 
  * Ignores potential alunite and dawsonite precipitation 
5576   Stephen Talman et al. /  Energy Procedia  37 ( 2013 )  5570 – 5579 
Reactions between the residual CO2 and the aquifer water and rock have the potential to fix some CO2; 
(the total amount is given in the third column in Table 1). For all cases, this is less than the total CO2 
trapped at irreducible saturation (second column in Table 1). The pore space occupied by the trapped gas 
will decrease as a result of these reactions, but the CO2 will disappear only as a result of the displacement 
of the CO2-equilibrated water by CO2-poor water. The low velocity of flow in the Basal Aquifer ensures 
that this will be a very slow process. The last three columns in Table 1 indicate the distribution of the 
fixed CO2 per kg of rock mass between mineral, ionic and solubility trapping components. The values 
presented in Table 1 represent an upper limit. A key uncertainty is the extent to which equilibrium will be 
achieved between every mineral grain, the local formation water and the CO2. Here equilibrium is 
assumed to be attained throughout the entire CO2 plume, and so these results represent an upper limit. 
Within the area of the CO2 plume, CO2-charged waters will penetrate into the caprock; farther away 
only aquifer water will penetrate into the caprock [12]. In both cases the composition of these waters may 
be approximated by the equilibrium waters determined with the previously-modelled interactions. Neither 
the initial aquifer nor the CO2-charged waters are expected to be in equilibrium with caprock minerals. 
Their movement into the caprock is modelled here assuming local equilibrium with mass transport.  
The composition of water within the caprock was estimated by equilibrating the local aquifer water 
with the mineralogy of the caprock (Table 3 in Appendix A). This is based on the assumption that the 
water/caprock interactions occurred in a relatively closed system  a small amount of water was brought 
into equilibrium with a large mass of caprock minerals. This initialization approach is somewhat 
problematic as not all mineral assemblages may exist at equilibrium; the calculation often resulted in the 
exhaustion of one of mineral phases in Table 3 in Appendix A (for example kaolinite, quartz, K-feldspar 
and a fixed composition K-clay can generally not co-exist at equilibrium). When this occurred, the target 
saturation indices, which define when the minerals are saturated, were adjusted to allow all minerals to 
co-exist. The approach can be justified as the clay minerals within the caprock are not well defined either 
compositionally or thermodynamically. Nevertheless, the target saturations were generally small.  
Mass transport, as implemented with PHREEQC is restricted to 1-D simulation. Water equilibrated 
with the Basal Aquifer mineralogy was flowed through a series of cells, each representing the equilibrated 
caprock/water system. Aside from simple mixing of the fluids, this flow also induces reactions. Halite 
was present in most of the caprock samples but generally absent (and undersaturated) within the Basal 
Aquifer. Thus, halite dissolution was induced by flow through the caprock, as was the breakdown of iron-
bearing clays. These two reactions lead to a host of other reactions. The iron released from the clay 
minerals remains immobile, precipitating as iron carbonate (siderite). Siderite formation removes 
carbonate from the solution; its source varied for different cap rock mineralogies in the caprock, but the 
source commonly was dolomite. Reacted waters migrating through the cells result in waves of secondary 
mineral precipitation within the caprock, with some simulations indicating that complex clays may form 
away from caprock/aquifer interface. Despite the myriad reactions induced by the migration of waters 
from the aquifer into the caprock far for potential injection sites, the volumes of water required to 
materially affect the caprock mineralogy are large. Some twenty pore volume shifts were simulated; this 
flow would generally strip halite from cells near the aquifer-caprock interface; however, the other primary 
minerals remained present in each cell. 
Similar simulations undertaken to model the flow into the caprock of the Basal Aquifer water 
equilibrated with aquifer rocks and dense-CO2 phase revealed similar reaction patterns, although the 
waters were much more aggressive. This higher reactivity resulted in the complete stripping of the more 
reactive primary minerals, especially the iron-bearing clays, from several cells following the twenty 
volume shifts. The approach used here suggests representative reactions within the caprock associated 
with fluid penetration into chemically-stable caprock systems both proximal and distal to potential CO2 
injection sites 
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4. Conclusions 
Equilibrium modeling of CO2 interactions with aquifer rocks at in-situ conditions at potential CO2 
injection sites in the Basal Aquifer in western Canada shows that, even under equilibrium conditions, the 
capacity of mineral-CO2 reactions to trap CO2 is low to moderate because of the high quartz content of 
the rocks and high salinity of formation waters. Additions of trace amounts of SO2 and other acidic gas 
components further reduces this amount. The bulk of the injected CO2 will remain as a free phase in the 
aquifer. The aquifer capacity to mineralogically trap CO2 may be significantly enhanced in anhydrite and 
clay-bearing regions by the formation of calcite and the acidic potassium alumino-sulphate, alunite. This 
mechanism warrants further investigation. Significant changes in aquifer porosity and permeability are 
not expected to occur as a result of CO2 injection. Although extensive geochemical reaction is predicted 
near the interface at which the CO2-rich water comes into contact with the caprock, the reaction zone is 
unlikely to have sufficient thickness to exert any significant impact on the integrity of the caprock. The 
local impact of these reactions on CO2 injectivity is also expected to be minor, although salt precipitation 
associated with drying-out of the pore space near the injection wells may pose some challenges [13], 
particularly at greater depths where the solubility of water in CO2 increases as a result of higher 
temperatures. 
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Appendix A. Data Tables. 
Table 1: Estimated volume and composition of the CO2 stream captured using post-combustion amine-based processes for the large 
CO2 sources at the locations in the area of the Basal Aquifer in the Prairie region of Canada where more than 1 Mt CO2/year are 
emitted from large stationary sources. 
Location 2009 CO2 
Emissions 
(kt/yr) 
Captured 
CO2 
(kt/yr) 
Stream Composition 
Mass % Concentration (ppm) 
CO2 N2/Ar/O2 H2O SOx NOx H2S 
Bonnyville 4,882 4,394 99.97 0.01 0.03 0 0 0 
Cold Lake 4,333 3,900 99.97 0.01 0.03 0 0 0 
Coronach 4,215 3,793 99.97 0.01 0.03 0 0 0 
Duffield 16,110 14,499 99.97 0.01 0.03 0 0 0 
Edmonton 5,047 4,542 99.84 0.13 0.03 1.1 1.5 3.4 
Empress 4,106 3,608 99.97 0.01 0.03 0 0 0 
Estevan 9,526 8,573 99.97 0.01 0.03 0 0 0 
Forestburg 5,148 4,633 99.97 0.01 0.03 0 0 0 
Ft. Sask. 6,070 5,409 99.93 0.04 0.03 0.3 0.4 0.9 
Hanna 4,863 4,377 99.97 0.01 0.03 0 0 0 
Joffre 2,712 2,467 99.97 0.01 0.03 0 0 0 
Lloydminster 2,423 2,152 99.97 0.01 0.03 0 0 0 
Medicine Hat 1,718 1,574 99.97 0.01 0.03 0 0 0 
Redwater 1,003 919 99.97 0.01 0.03 0 0 0 
Regina 1,708 1,537 99.77 0.21 0.03 1.7 2.4 5.5 
Warburg 9,490 8,541 99.97 0.01 0.03 0 0 0 
Total 83,354 74,918 99.95 0.02 0.03    
 
Table 2: Mineralogical composition of aquifer rock samples taken from core in wells that penetrate the Basal Aquifer in the region 
suitable for CO2 storage in Canada as determined using LPNORM. The Ca-Sulphate  represents either anhydrite or 
gypsum s the oxides and hydroxides of i
clays more complex than kaolinite and illite; these are required as mineral hosts for Mg in some samples. The carbonate row 
generally represents calcite and/or siderite. The location of the samples is shown in Fig. 2. 
Mineral Aquifer Rock Sample 
1 2 3 4 6 8 10 11 12 13 18 20 
Quartz 97.2 75.5 91.3 29.5 98.2 90.1 97.7 98.0 92.7 82.1 85.1 75.2 
K-Feldspar 0.9 15.3 2.7 31.9 0.7   1.6   1.8 7.6 0.8   
Dolomite   1.0   25.1 0.6               
Illite   4.9   10.9   7.8     2.3       
Ca-Sulphate                   7.8  5.9 15.1 
Pyrite     0.2     0.7 0.1 0.6     4.8 5.7 
Other Clays 1.3   1.5   0.5     0.7 2.3 1.7     
Oxides   3.1   1.9     0.3 0.3 0.6     0.1 
Analcime                     2.0 3.9 
Carbonates 0.4 0.2 0.5     0.9 0.3 0.4   0.9 0.9   
Kaolinite     3.3                   
Halite 0.2   0.5 0.7   0.4     0.3   0.4 0.1 
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Table 3: The major mineralogical composition of the caprock samples taken from core in wells that penetrate the Basal Aquifer in 
the region suitable for CO2 storage in Canada.  The notes regarding mineral groupings in Table 2 above apply here as well. For 
location of the samples see Fig. 2. 
Mineral Caprock Sample 
22 23 24 25 26 27 28 29 
Quartz 36.9 21.0 8.5 30.3 19.2 16.9 11.9 39.6 
K-feldspar 10.0 27.0 19.9 27.0 11.2 20.0 30.0 20.1 
Kaolinite 10.9 5.9 33.4  2.0 14.4 12.8 15.1 
Other clays 34.6 23.2 24.0 23.6 26.0 41.2 21.6 15.3 
Dolomite  15.2 3.0  29.8 1.0 17.9 0.8 
Calcite    13.6 1.1 1.8   
Carbonates 2.1        
Halite 0.4 0.7   1.6  0.8  
Anhydrite     5.7    
Oxides 0.9 1.0 1.0 1.5 0.3 0.8   
Pyrite 0.9 1.0 2.9   0.3  5.8 
Table 4: Analyses of water taken in vicinity of prospective CO2 injection sites in the Basal Aquifer in western Canada. A 
temperature of 23ºC was assumed for the pH  measurement. For location of the samples see Fig. 2. 
Location 
Fig. 1 
ID 
Fig. 2 
T 
(ºC) 
P  
(MPa) 
Density 
(kg/m3) 
pH Cations (g/L) Anions (mg/L) 
Na Ca Mg Cl 
(g/L) 
C1 S2 
Cold Lake c 50 12.2 1162.0 7.5 94.5 1.79 0.85 147.0 40 1,900 
Coronach g 80 28.7 1093.53 6.4 49.3 1.95 1.08 80.5 84 894 
Edmonton b 60 21.1 1210.0 5.7 114.9 3.14 1.97 187.3 106 384 
Estevan i 100 32.5 1253.0 5.4 97.5 23.62 2.07 198.0 21 90 
Joffre e 70 26.0 1214.2 6.4 115.8 4.96 0.96 189.7 81.6 366 
Lloydminster d 50 14.9 1164.0 6.4 90.7 2.12 0.87 143.7 43 1,027 
Medicine Hat f 70 20.2 1036.0 8.1 13.4 0.50 0.14 20.8 385 47 
Regina h 60 22.1 1082.0 7.9 46.4 1.40 0.37 71.9 62 1,384 
Warburg a 80 28.7 1213.0 6.1 107.2 15.33 2.62 199.8 10 110 
1 Reported alkalinity converted to bicarbonate and reported as C; 2 Reported SO4-2 is reported here as S; and 3 estimated from TDS. 
Table 5: Calculated composition (in moles/kg H2O) of formation water samples of Table 4 above equilibrated with calcite, K-
feldspar, quartz and kaolinite. For location of the samples see Fig. 2. 
 
Location 
Fig. 1  
ID 
Fig. 2 
Al K 
(moles/kg) 
Si  
(moles/kg) 
C  
(moles/kg) 
Fugacity  
CO2 (MPa) 
pH @T 
Cold Lake c 5.1×10-10 1.72×10-2 2.10×10-4 4.67×10-3 6.63 5.99 
Coronach g 7.8×10-11 3.16×10-2 5.27×10-4 1.20×10-2 12.91 5.63 
Edmonton b 5.2×10-9 5.75×10-2 2.49×10-4 1.16×10-2 9.13 5.34 
Estevan i 1.5×10-9 1.00×10-1 6.26×10-4 3.31×10-3 16.23 4.87 
Joffre e 2.7×10-8 9.44×10-2 1.76×10-4 1.07×10-2 11.17 5.18 
Lloydminster d 5.9×10-10 1.95×10-2 2.10×10-4 4.45×10-3 7.13 5.94 
Medicine Hat f 1.1×10-10 4.91×10-2 5.06×10-4 1.26×10-1 9.81 5.50 
Regina h 7.8×10-11 1.78×10-2 3.41×10-4 8.67×10-3 9.33 6.00 
Warburg a 3.1×10-10 2.56×10-2 3.94×10-4 1.00×10-3 12.91 5.54 
